Abstract. Stabilization of Cobalt Chloride, a representative of soluble cobalt compounds, with five cements pastes based on either Ordinary Portland Cement (OPC) or blended Portland cement with Granulated Blast Furnace Slag (GBFS) or Metakaolin (MK) were studied. Various mixtures were prepared by using a water/solid ratio (W/S) of 0.28 (by weight). Two ratios of Co ions (2.0 and 3.0% by weight of the solid binder) were used by adding to the mixing water. Hydration characteristics of the different cement pastes were investigated via the examination of chemically combined water content, compressive strength, X-ray diffraction analysis and thermal analysis (DTA/TGA). Leaching of cobalt ions from various hardened cement pastes was examined. The results showed that cobalt chloride retards cement hydration through the formation of plumbate salt. The obtained results of leaching showed a high degree of immobilization of Co ions in the various cement pastes. Moreover, partial replacement of OPC by MK is more efficient than GBFS.
1.Introduction
The hydration process in cements made from raw mixtures containing 2 wt% cobalt oxide, in, Co 2 O 3 was studied. The cement pastes were treated in water for different time intervals. Hydration rate and products were studied by means of X-ray diffraction, differential scanning calorimetry, and thermogravimetric analysis. It is concluded that the added oxides provoke, in general, a retardation of the hydration reactions [1] . Co and Ni uptake by hardened cement paste (HCP) to improve the understanding of immobilization process of heavy metals in cement at the molecular level was investigated. Synchrotron based-techniques (micro X-ray spectroscopy (XAS) and micro X-ray fluorescence (XRF)) were used. For Ni and XRF mapping revealed a highly heterogeneous element distribution as far as the concentration is concerned. The XAS studies showed that Ni(II) forms predominantly layered double hydroxide (LDH) phases. In contrast to Ni, Co was found to be present in the oxidation states II and III. Co(II) is predominately incorporated into newly formed Co(II) hydroxide-like phases (Co(OH) 2 ),Co-LDH or Co-phyllosilicates, whereas Co(III) tends to incorporate into a Co(III)O(OH)-like phase or a Co-phyllomanganate [2] .
Heavy metals retarded the precipitation of portlandite due to the reduction of pH resulted from the hydrolysis of heavy metal ions during tricalcium silicate (C 3 S) hydration. Heavy metals are co-precipitated with calcium as double hydroxide [2, 3, 9] such as Ca attributed to the reduction in the permeability caused by these reaction products, that is the precipitation of insoluble metal colloidal gels on cement grain surfaces.
The leaching of heavy metals in the S/S materials can be considered as pH dependent and the corresponding metal hydroxide solubility controlled process. Mineral additions enter the hydration reactions in the mixtures and favor the formation of specific microstructure promoting the immobilization of hazardous elements [6] .
High pH is effective in immobilizing many toxic metals, by precipitation and sorption reaction [7] . The leaching behavior of 60Co and 137Cs from spent ion exchange resins in cement-bentonite clay matrix has been studied [8] . From the leaching data the apparent ions in the static mode of leachability was lower than the solubility of hydroxide in all the investigated cement pastes [9] .
Experimental

1. Materials and specimens
The materials used in this investigation were; ordinary Portland cement (OPC), granulated blast furnace slag (GBFS), metakaolin (MK) and cobalt chloride. The chemical analysis of the utilized materials is given in Table 1 .
Various cement mixtures were prepared namely; neat Portland
Cement (MI), 80%PC+20%GBFS (MII), 60%PC+40%GBFS (MIII), 80%PC+20% MK (MIV) and 60%PC+40%MK (MV).
Two ratios of Cobalt ions were used; 2.0 and 3.0% by weight of the solid binder by adding to the mixing water. The water/solid ratio used was 0.28 for all mixtures. The pastes were moulded in the form of one cubic inch and treated at about 100% relative humidity for the first 7
days. Then the samples were immersed in tap-water for the rest of hydration times which extended up to 90 days.
Methods of investigation:
The hydration characteristics of the different cement mixes were investigated via; the determination of chemically combined water contents, compressive strength, and phase composition using XRD technique. The degree of immobilization of cobalt ions in the different cement pastes was evaluated through measuring the leached cobalt ions concentration using a static process [10] .
Results and discussion
1. Hydration Characteristics 1. 1. Combined Water Content (Wn %)
The results of chemically combined water and content are shown in (Fig. 1 ) for all mixtures in absence and presence of cobalt Chloride. It is obvious that there is a continuous and gradual increase in the combined water contents for all mixtures up to 90 days. This increase may be due to the progress of hydration of the various components of the used mixtures. The main hydration products for all mixes are calcium silicate hydrate (CSH) and calcium hydroxide (CH) in addition to the hydrates of the aluminate phases. In the mixes which contain GBFS or MK, the liberated calcium hydroxide from the hydration of silicate phases (C3S, β-C2S) of Portland Cement are supposed to react with the silica in both minerals produces more (CSH) which is considered the main bending agent. The formed calcium silicate hydrates have the following formula; CaOx.SiO 2 .H2Oy (CxSHy) ,where x and y may vary over a wide range. This depends on many factors such as; water/solid ratio, composition impurities, temperature and time of hydration. Pervious study [9] showed that the initially formed high lime CSH (having high water content) transforms into low lime and low water content-CSH. The mixes with cobalt chloride showed higher water content than those without cobalt chloride at most of the hydration ages. As the concentration of cobalt ions increases from 2 to 3% by weight of the solid, the combined water increases accordingly.
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1. 2. Compressive Strength
A decrease in the compressive strength values can be observed on the addition of Co ions compared with those of the control mixes (  Fig. 2) . Increasing the ratio of Co 2+ ions from 2.0% to 3.0% showed larger decrease in the compressive strength values. The decrease of compressive strength may be due to the formation of Co(OH) 2 which can form a complex with Ca(OH) 2 that gives low strength. As previously discussed all soluble chlorides or halides act as accelerators and not retarders [9] .
1. Phase composition
The well crystallized hydration product of ordinary Portland Cement or that blended with GBFS or MK is the calcium hydroxide (CH) phase. Therefore, the change in the intensity of the characteristic peaks of CH can be considered as an indication for the degree of Table 2 that the intensity of CH peaks increases with increasing hydration time for all mixes. This may be due to the progress of the hydration reaction with time. Mixes (MIII) and (MV) which contain GBFS and MK respectively, show less CH compared to the neat cement mix (MI). This can be attributed to the pozzolanic reaction of GBFS and MK with the liberated (CH) as a result of Portland Cement hydration. All mixes with 3.0% Cobalt ions show less intensity for CH peaks compared with the mixes without cobalt. This could be an indication for the retarding effect of cobalt chloride for the hydration of the investigated mixes. Such result is correlated with the obtained results of the compressive strength determination in Table 2 . 
2. Leaching behavior
2. 1. pH measurements
The measured pH values of the leachate solution for most mixes were in the range 11.42-13.50 during the hydration period (1-90 days). Tables 3 and 4 ; oxidation of some Co II to Co III during the hydration process of Portland Cement due to the low oxidation potential of Co at the high pH values of the different binders (pH>12.5) [2] and precipitation of The relatively low sorption capacity of cobalt ions on the formed C-S-H [11] . the supersaturation and precipitation of calcium hydroxide and development of CSH gel.
2. 2. Degree of immobilization
• XRD analysis did not indicate the formation of any new phases, but did confirm the retarding effect caused by cobalt chloride.
• All pastes showed high degree of immobilization of cobalt but 
